Introduction
Long-term fish monitoring in the Colorado River below Glen Canyon Dam (GCD) is an essential component of the Glen Canyon Dam Adaptive Management Program (GCDAMP), a federally authorized initiative to protect and mitigate adverse impacts to resources downstream from the dam. The U.S. Geological Survey's Grand Canyon Monitoring and Research Center is responsible for long-term fish monitoring for the program, which is implemented in cooperation with the Arizona Game and Fish Department, U.S. Fish and Wildlife Service, SWCA Environmental Consultants, and others. Long-term monitoring establishes a "baseline," or antecedent context, through which response of biota to changing management policies or experiments can be interpreted and evaluated (Walters and Holling, 1990; Thomas, 1996; Walters, 1997) . For example, since 1996, a series of experimental high flows have been released from GCD as part of a strategy intended to restore sandbars in Grand Canyon, and several stable-flow tests have been conducted to benefit the humpback chub (Gila cypha), a species federally listed as endangered. Between 2003 and 2006 , an experimental program that used electrofishing removed approximately 20,000 nonnative rainbow trout (Oncorhynchus mykiss) from near the mouth of the Little Colorado River. During the same period, water temperatures below GCD increased as drought caused the level of Lake Powell to drop and warmer surface waters were released downstream. Recent management actions include translocating humpback chub to Shinumo Creek in Grand Canyon and installing a fish weir in Bright Angel Creek to remove brown trout (Salmo trutta). Long-term fish monitoring can help managers evaluate the effectiveness of these experiments and policies.
The river between GCD and Lees Ferry ( fig. 1 ) is managed as a rainbow trout sport fishery, but GCDAMP management goals for nonnative fish below Lees Ferry relate to their impact on native species, particularly the humpback chub. The Lees Ferry rainbow trout fishery is a naturally reproducing population, and stocking has not occurred since 1998. Nonnative salmonids (rainbow and brown trout) have increased in abundance in the Colorado River below GCD since the early 1990s (Gloss and others, 2005) . These increases in abundance were concurrent with changes in the operation of GCD that included higher minimum, higher mean, and more stable flow releases (McKinney and others, 2001; Gloss and others, 2005) . Many researchers have suggested that salmonids limit recruitment of native fishes in Grand Canyon through predation (Minckley, 1991; Valdez and Ryel, 1995; Marsh and Douglas, 1997) . Two panels of external experts evaluated the protocols used by the Grand Canyon Monitoring and Research Center and its cooperators to monitor fish, and both reviews recommended long-term monitoring of nonnative fish species that pose risks of predation to Colorado River native fishes in Grand Canyon. 3 Protocols for standardized annual monitoring of rainbow trout, brown trout, and common carp (Cyprinus carpio) in the Colorado River were developed and implemented (Speas and others, unpub. report, 2003) . 
Objectives
Since 2000, we have conducted two fish monitoring trips each year using electrofishing, generally between March and May, in the mainstem Colorado River between Lees Ferry and Lake Mead ( fig. 1 ).
The specific objectives used during monitoring in 2009 (similar to the objectives for previous years) are as follows:
• Describe trends in salmonid and carp catch-per-unit-effort (CPUE; fish per hour) and distribution from 2000 to 2009 • Evaluate electrofishing as a monitoring tool for native fish species • Measure changes in nonnative fish CPUE near the confluence of the Little Colorado River • Evaluate the ability to monitor movement and growth of rainbow trout by Floy tagging
Study Area
All locations in this study are referred to in river miles (RM) below Lees Ferry (Coconino County, north-central Arizona; RM 0), approximately 1 mi upstream of the confluence of the Paria 3 River.
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Methods
The Colorado River upstream of the sampling area to GCD (approx. 16 mi) is not included in this study area. Sampling described in this report was conducted between RM 0 and RM 264.8 of the Colorado River in the Grand Canyon. In general, the river ranges in character from numerous large eddy complexes in depositional areas to narrow, deeply incised sections in reaches composed of resistant rock types. Water quality in the river is strongly influenced by hypolimnetic water discharged from GCD near Page, Arizona. Water discharged from GCD is typically clear (<5 nephelometric turbidity units; Vernieu, 2009) and cold (8-11°C; Stanford and Ward 1991; Voichick and Wright, 2007) and has intermediate conductivity (700-900 µS/cm; Vernieu, 2009 ).
We used a sample power program to determine sample sizes and distribution of effort for each species surveyed. The program was developed specifically for this project to maximize estimator precision (Williams and others, 2002) . We used variance estimates (coefficient of variation, CV) from existing Grand Canyon fisheries data collected between 2000 (Arizona Game and Fish Department and U.S. Geological Survey, unpub. data, 2004 and estimated sample precision of CPUE as a function of sample size and spatial stratification. We utilized a Monte Carlo procedure to estimate the probability of detecting a true temporal population trend given a range of sample sizes. We selected the design in the present study based on its projected level of sampling precision, CV≤0.10. Bootstrapping indicated that changes in CPUE of 20-30% and 30-40% for rainbow trout and brown trout, respectively, are detectable between consecutive years, using the current stratified random sample design, provided that we collect 800-900 samples per year (Rogers and Makinster, unpub. report, 2006) . We divided the river into 11 reaches and each reach into sub-reaches defined by campsite availability and location of impassable navigational hazards, such as rapids. Start miles on river left and right are randomly assigned within fishable sub-reaches. With few exceptions, shoreline transects were contiguous.
This In 2009, we conducted two electrofishing trips in the mainstem Colorado River between Lees Ferry and Lake Mead (RM 0 and RM 265). The dates of the two trips were February 28-March 17, 2009, and March 23-April 15, 2009 . Daily flow discharge at GCD ranged from 207 to 391 m³/s during the first trip and from 185 to 391 m³/s during the second trip. We sampled at night with two 16-ft Achilles inflatable sport boats outfitted for electrofishing with a Coeffelt CPS unit; each boat included two netters and one experienced driver. The CPS units applied between 350 and 500 V and 10 to 15 A to spherical steel electrodes. Each sample consisted of a single electrofishing pass, approximately 300 s in duration, along shoreline transects. Transect start and stop coordinates were saved on a Garmin III GPS system and river miles were estimated from a Colorado River map and recorded (Martin and Whitis, 2004) .
We recorded total length (TL, in mm) of every fish captured, fork length for native fishes, and weight (g) for all fish longer than 100 mm, as long as weather conditions allowed. Floy tagging (Floy 4 Tag Company, Seattle, Washington) of rainbow trout began in 2009 to determine if movement and growth could be measured between sampling trips and subsequent annual monitoring trips. Rainbow trout and common carp greater than 199 mm TL received an individually numbered Floy tag and a left pelvic fin clip (rainbow trout) or a dorsal spine clip (carp). The fin or spine clips served as a secondary mark to estimate tag loss. Brown trout, flannelmouth sucker, and bluehead sucker (Catostomus discobolus) greater than 149 mm TL and humpback chub greater than 99 mm TL were implanted with passive integrated transponder (PIT) tags, according to standard protocols for handling fish in Grand Canyon (Ward and Hangsleben, unpub. report, 2009) . Although not reported in this study, PIT tags are used by several other Grand Canyon fishery projects, and this monitoring provides the opportunity to implant tags and detect existing tags in captured fishes to inform other research. Brown trout received an adipose fin clip as a secondary mark. All PIT tag numbers were recorded on data sheets and saved in PIT scanners. Scanner files were downloaded and archived to confirm the accuracy data sheets and databases. The data were entered into a Microsoft Access database where quality assurance and quality control using standard software routines were employed. The data were then incorporated into the Grand Canyon Monitoring and Research Center fish database.
The 11 reaches used in the study design were later grouped into five larger reaches in order to obtain adequate sample sizes for trend analysis ( fig. 1 ). Data were reported as CPUE per fish species per reach, with CPUE serving as an index of relative abundance. We report mean CPUE+2 standard errors, which is a close approximation of 95% confidence intervals (Snedecor and Cochran, 1976) . Fish data collected in turbid water may yield confounding results because of different fish-capture probabilities among turbid and clear water samples (Speas and others, 2004) ; therefore, data collected during turbid water conditions were not included in CPUE analyses. For example, samples that were collected downstream of the Little Colorado River during the first trip in 2009 were excluded from CPUE analyses because of high turbidity. Length-frequency histograms were created for each species at 10-mm size increments.
Results
During the first monitoring trip in 2009, we completed 439 transects averaging 314 s each over 18 nights between Lees Ferry and Diamond Creek, capturing 2,632 fish representing seven species (table 1) . During the second trip, we completed 528 transects averaging 318 s each over 20 nights, capturing 4,194 fish representing 11 species (table 2). In all but two cases, we sampled a minimum of 12 sites per night per boat. Extreme wind and rain prohibited sampling on March 29, 2009, and two transects were not completed on April 3, 2009, also for weather-related reasons. Coefficients of variation of mean CPUEs for rainbow trout, carp, flannelmouth sucker, and bluehead sucker were less than 15% during 2009 sampling (table 3) .
Nonnative Fish
Rainbow Trout
Mean CPUE of rainbow trout in 2009 (63.0±9.8 fish/hr) was the highest observed since 2000 (48.5±8.1 fish/hr; fig 
Brown Trout
Mean CPUE of brown trout showed a river-wide decline from 2000 (13.1±2.7 fish/hr) to 2006 (0.6±0.2 fish/hr; fig. 4A ). However, mean CPUE has increased since 2006 in reach 3 where brown trout CPUE was the highest. Reach 3 includes the confluence with Bright Angel Creek where brown trout spawning has been documented (Maddux and others, 1987; Valdez and Ryel, 1995; Weiss and others, 1998) fig. 7 ). Young-of-theyear common carp (fish born within the past year) are not produced until after our spring samples and, therefore, were not collected.
Other Nonnative Fishes
In addition to the common large-bodied nonnative fish, we captured red shiner (Cyprinella lutrensis; n=240), fathead minnow (Pimephales promelas; n=151), black bullhead (Ameiurus melas; n=1), and channel catfish (Ictalurus punctatus; n=1). With the exception of 1 red shiner, all these nonnative fish were captured below Diamond Creek near the inflow to Lake Mead. 
Native Fish
Flannelmouth Sucker
Bluehead Sucker
Mean CPUE for bluehead sucker in 2009 (2.1±0.6 fish/hr) remained similar to that observed in 2008 (2.5±0.9 fish/hr). Catches of this species before 2004 were low (less than 0.3 fish/hr), suggesting that our sampling program was not suited for monitoring bluehead sucker CPUE. However, since 2004, higher catches indicate that recruitment to adulthood has occurred, which suggests that, when the species is relatively abundant, they are vulnerable to our electrofishing gear. A cohort of juveniles appeared in 2005 and has recruited successfully into reproductive adults ( fig. 11 ).
Humpback Chub
Our long-term electrofishing monitoring program is limited in describing population dynamics of humpback chub relative to other programs (for example, Arizona Game and Fish Department monitoring of the lower 1,200 m of the Little Colorado River and U.S. Fish and Wildlife Service hoopnet monitoring in the Little Colorado River). Previous research has shown humpback chub are not commonly vulnerable to electrofishing (Coggins, 2008) . Too few humpback chub were captured to complete CPUE and length-frequency analyses (table 3) .
Other Native Fish
Speckled dace (Rhinichthys osculus) is the only other native fish still found in the Colorado River between GCD and Lake Mead. Speckled dace was the third most common species captured, and most captures were in western Grand Canyon and the inflow to Lake Mead (tables 1, 2). Razorback sucker (Xyrauchen texanus), a Colorado River native fish federally listed as endangered, have been collected in recent years in Lake Mead but have not been confirmed from Grand Canyon since 1984.
Little Colorado River Reach
Mean CPUE of rainbow trout (64. 
Rainbow Trout Floy Tagging
Starting in 2009, rainbow trout over 199 mm TL were Floy tagged from Lees Ferry to Lake Mead to track movement and growth of adults. Of the 962 new Floy tags that were implanted during the course of the first trip, only three tags were observed during the second trip. The tag returns did not show movement over long distances, and movement was always downstream (table 4).
Discussion
Patterns of Nonnative Fish CPUE
Comparison of 2009 monitoring data with previous years identifies an increase in CPUE of salmonids since 2007. Reach 1, Marble Canyon, showed a twofold increase in CPUE ( fig. 2B ). CPUE for rainbow trout in this reach is the highest seen since the inception of the current long-term monitoring program that began in 2000. This increase may be an indication that mainstem spawning and recruitment are occurring downstream of the sport fishery at Lees Ferry and may also indicate increased immigration from upstream reaches. Length-frequency analysis showed that our sampling is ineffective at detecting young-of-the-year rainbow trout, because our efforts are limited to the spring season. In 2007, on a trip conducted in the fall, we did observe young-of-the-year rainbow trout. Brown trout CPUE has also increased since 2006, particularly in areas near Bright Angel Creek. Length-frequency analysis for brown trout in 2009 showed recruitment of a relatively strong 2007 cohort into the young adult population. With the decrease in mainstem water temperatures in 2006 and the absence of the mechanical removal and weir removal projects, it is difficult to determine which events are responsible for the increasing trend in CPUE for rainbow trout and brown trout (Coggins, 2008) .
Common carp CPUE was consistently higher in reach 5 than in all other reaches before 2007. Length-frequency analysis suggests that our sampling methods are ineffective at sampling all life stages of common carp.
Low numbers of recaptured rainbow trout could be attributed to a combination of factors-a low proportion of the population was tagged, as well as immediate and gradual tag loss (Fabrizio and others, 1999) . Floy tag recaptures should increase with higher numbers of fish tagged; therefore, we expect a higher number of recaptures in the future as more tagged fish are present in the system. fig. 10A ). Mainstem electrofishing does not appear to be an effective monitoring technique for humpback chub at current densities.
Patterns of Native Fish CPUE
Factors Affecting CPUE and the Effectiveness of Long-term Monitoring
GCDAMP stakeholders frequently refer to the nonnative fish removal project of 2003-2006 as a potential benefit to humpback chub, however, we find no definitive effects of either removal or temperature change on native fish populations because the removal coincided with an increase in water temperatures throughout the monitored sections of the Colorado River (Voichick and Wright, 2007; Coggins, 2008; Coggins and Walters, 2009; Andersen and others, 2010) . The changes in native fish populations are correlated with both nonnative removals and temperature changes; we hypothesize that both factors contributed to the increase in CPUE of flannelmouth sucker and bluehead sucker. In addition, tributary conditions, especially in the Little Colorado River, may have a strong influence on native fish recruitment. The removal of nonnative fish probably reduced predation on young-of-the-year and juvenile native fish, while increased water temperature likely increased spawning success and recruitment of native fish. Higher water temperatures may have allowed increased growth rates of native fishes throughout the mainstem Colorado River, especially in the western portion of Grand Canyon. While managers currently have no control over water temperatures, nonnative fish removals may continue to occur, making it possible in the future to separate the influences of these two factors.
The sampling design used for long-term monitoring since 2002 was originally established to detect riverwide population trends for common large-bodied, nonnative fishes. This sampling design (N >800 samples/yr) appears to be adequate for monitoring salmonid and common carp populations in the Grand Canyon and for monitoring the native flannelmouth sucker, which is indicated by the low CV percentages (table 3) . The number of samples taken in 2000 (N=413) and 2001 (N=234) was inadequate to capture the status and trends of the nonnative fishes in question. The sampling design used since 2002 appears to be working well, and the level of effort appears to be appropriate for monitoring the most abundant fish in the Grand Canyon segment of the Colorado River. Coggins (2008) found a tight linkage between CPUE and abundance for rainbow trout in Grand Canyon.
Values of CPUE can serve as an index to inform our understanding of population changes, but changes in CPUE over time may not correspond to actual changes in population, because CPUE can be biased by factors that affect capture probabilities (for example, fish species, densities, size, and 8 sampling conditions; Williams and others, 2002) . Sampling conditions such as water velocity, depth, temperature, and turbidity are variables that affect CPUE in the Colorado River. There is inherent variability in depth and velocity in different habitats sampled. For example, fish likely have a higher capture probability in slow-moving eddies, while capture probability is likely lower in high-velocity riffles. Depth and velocity may also be influenced by water discharge from dam operations; however, discharge rates have remained relatively consistent since 2000 (table 5 ). Speas and others (2004) found that salmonids in Grand Canyon had higher catchability in turbid water. The bias associated with turbidity was alleviated by removing turbid water samples from the analysis.
Coggins (2008) recommended periodic depletion sampling to obtain better estimates of catchability coefficients, and we recommend that depletion samples be incorporated into future longterm monitoring efforts. Potential biases in CPUEs are likely consistent from year to year as a result of our randomized sample design, little change in water-quality conditions, and relatively little change in size of fish sampled. Therefore, trends in relative fish abundance indexed by CPUE for common, largebodied species should be reliable indicators of population change for managers.
Evaluating localized management actions, such as a mechanical removal of nonnative species in the Little Colorado River reach (reach 2), requires more intensive sampling than long-term monitoring permits and addresses a different question about fisheries resources. If such evaluation is desired by managers, the extensive sampling that occurred in the Little Colorado River and Bright Angel Creek reaches from 2003 to 2006 (during the mechanical removal years and years when a weir was operational) is indicative of the effort necessary to detect impacts of such management actions on a localized scale. However, mechanical reduction of salmonid numbers in the Little Colorado River reach and corresponding lower CPUE will reduce the ability to detect change in this reach with our long-term monitoring sampling design.
Rainbow trout, brown trout, and common carp CPUEs in the Little Colorado River reach were similar to that observed in the early years of the mechanical removal. Likely explanations for these observations are mainstem spawning upstream of the reach and subsequent immigration (rainbow trout), upstream movement and immigration from the lower reaches (brown trout), and spawning activity in the Little Colorado River (common carp). These species also may have benefited from the increased water temperature during 2004-2006. To assure usable data, this monitoring program must maintain a consistent monitoring protocol. If monitoring designs are compromised to answer short-term questions, the effectiveness of the overall monitoring program is lost. Localized questions or questions on a timespan shorter than 5 years require additional, separate efforts beyond those outlined for long-term monitoring. Consistent, long-term monitoring is essential to evaluate the Glen Canyon Dam Adaptive Management Program. 
